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(54)  Turret for machine tool

(57)  Aturret (1) for use on a machine tool has a turret
body (3), a swivel drum (4), an indexing actuator (5), a
drive motor (6) and a joint (15). While one of rotating tools
(2) on the turret (1) is indexed to an indexed position (S),
the joint (15) directly connects the rotating tool (2) to the
drive shaft (10) of the drive motor (6) to rotate the rotating
tool (2) with the drive motor (6). The drive motor (6) is
fixed to the turret body (3) and the drive motor (6) has a

housing (60) supported on the turret body (3). The turret
(1) further comprises a liner (67) whose thickness is ad-
justable disposed immediately behind the housing (60).
Theliner (67) has the thickness thereof adjusted to adjust
a position of the drive motor (6) with respect to the turret
body (3). The drive motor (6) can be highly accurately
assembled onto the turret body (3) through an opening,
of the turret body (3), which provides easy access to the
turret body (3).
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The presentinvention relates to a turret, for use
on a machine tool, for mounting at least one rotating tool
thereon and for rotating the rotating tool to machine a
workpiece on the machine tool.

Description of the Related Art

[0002] Some machine tools, e.g., lathes, have a turret
for mounting one or more rotating tools thereon and for
rotating them with a drive motor to machine a workpiece
on the machine tool. In the lathe, the turret has a swivel
block mounted on a head thereof, and a plurality of tools
including rotating tools and other machining tools are ra-
dially supported on the swivel block.

[0003] Whenthe swivel blockis swiveled aboutits own
axis, a desired one of the supported tools (e.g., arotating
tool) is indexed to an indexed position (machining posi-
tion). Then, the drive motor is energized to rotate the
rotating tool about its own axis to machine the workpiece.
The drive power or torque of the drive motor is transmitted
to the rotating tool by a power transmitting mechanism
including a belt, bevel gears and bearings.

[0004] Japanese laid-open patent publication No.
2003-251505, for example, discloses a tool turret, for use
on lathes, for transmitting the drive power of a drive motor
to arotating tool onthe turretthrough a power transmitting
mechanism including bevel gears and bearings. The dis-
closed tool turret has a hollow swivel block which houses
therein the bevel gears and bearings.

[0005] Published U.S. patent application No.
2004/0103510 discloses atool turret having a drive motor
disposed in a swivel drum. The drive motor is indirectly
connected to a rotating tool mounted on the tool turret
by a coupling mechanism (power transmitting mecha-
nism) to rotate the rotating tool.

[0006] In the turret on the conventional lathes and on
the lathe disclosed in Japanese laid-open patent publi-
cation No. 2003-251505, the drive motor is located in a
position widely spaced from the rotating tool. Conse-
guently, the power transmitting mechanism for transmit-
ting the drive power from the drive motor to the rotating
tool is relatively complex in structure. When the power
transmitting mechanism is in operation, the belt, bevel
gears, and bearings of the power transmitting mecha-
nism generate heat and vibration. As a result, the power
transmitting mechanism causes an energy loss, tending
to lower the power transmitting efficiency and generate
noise.

[0007] According to the tool turret revealed in Pub-
lished U.S. patent application No. 2004/0103510, it is
difficult to highly accurately assemble the drive motor on-
to a turret body through an opening, of the turret body,
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which provides easy access to the turret body. The cou-
pling mechanism has a sensor and a mechanism for slid-
ing a coupling. The sensor serves to detect a coupled
state between the drive motor and a rotating tool. As a
result, the coupling mechanism is of a complex structure,
and it takes time for the coupling mechanism to connect
and disconnect the drive motor and the rotating tool. Fur-
thermore, aneed has arisen to make it reliable to connect
and disconnect the drive motor and the rotating tool.

SUMMARY OF THE INVENTION

[0008] Itis an object of the present invention to provide
a turret, for use on a machine tool, in which a drive motor
can be highly accurately assembled onto a turret body
through an opening, of a turret body, which provides easy
access to the turret body.

[0009] To achieve the above object, there is provided
in accordance with the present invention a turret, for use
on a machine tool, for mounting at least one rotating tool
thereon and for rotating the rotating tool to machine a
workpiece, the turret comprising: a turret body supported
on a base of the machine tool; a swivel drum supported
on the turret body and supporting at least one tool holder
which holds the rotating tool, the tool holder having a
holder shaft; an indexing actuator having an index motor
for swiveling the swivel drum to index the rotating tool to
an indexed position; a drive motor disposed in the swivel
drum and supported on the turret body, the drive motor
having a drive shaft axially oriented toward the indexed
position; and a joint for directly connecting the holder
shaft of the tool holder and the drive shaft of the drive
motor to each other to rotate the rotating tool with the
drive motor while one of the rotating tools is indexed to
the indexed position; wherein the drive motor is fixed to
the turret body and the drive motor has a housing sup-
ported on the turret body, the turret further comprising:
a liner whose thickness is adjustable disposed immedi-
ately behind the housing, the liner having the thickness
thereof adjusted to adjust a position of the drive motor
with respect to the turret body.

[0010] Preferably, the joint has a protrusion, which is
disposed on either one of the holder shaft or the drive
shaft, and a slot formed on the other of the holder shaft
and the drive shaft; wherein the protrusion directly en-
gages in or disengages from the slot in response to
swiveling movement of the swivel drum for indexing one
of the rotating tools to the indexed position; wherein the
drive shaft of the drive motor and the holder shaft of the
tool holder are directly coupled coaxially to each other
by the joint; and wherein when the swivel drum is
swiveled to completely index the rotating tool to the in-
dexed position, the protrusion fully engages in the slot,
so that the holder shaft and the drive shaft are completely
connected to each other through the joint.

[0011] Preferably, when the rotating tool is to be in-
dexed to the indexed position, a rotating tool which is
going to be used in the indexed position is coupled to the
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drive motor by the joint, and simultaneously a rotating
tool which has previously been used in the indexed po-
sition is released from the joint and is disconnected from
the drive motor.

[0012] Preferably, the slot of the joint is defined as a
straight groove in an end portion of the drive shaft; the
slot is oriented in alignment with a plane, in which the
swivel drum is swiveled, and opens at diametrically op-
posite sides of the drive shaft and also at an end face of
the drive shaft when the rotating tool is to be indexed;
and wherein the protrusion is formed on the holder shaft;
and the protrusion has two opposite slide surfaces, dis-
posed in slidable contact with and facing respective op-
posite side surfaces of the slot, and projects axially from
an end of the holder shaft.

[0013] Preferably, the two opposite slide surfaces are
slanted to provide a tapered tip end portion on the pro-
trusion, and the slot is tapered in complementarily
shaped relation to the protrusion.

[0014] Preferably, a rotation arrestor is nonrotatably
disposed in the swivel drum and has an annular groove
defined therein concentrically to the swivel drum, and the
rotation arrestor extends circumferentially except for a
region around the indexed position; and wherein the pro-
trusions associated with the rotating tools, which are not
in use and are placed in other positions than the indexed
position, engage in the annular groove so thatthe rotating
tools which are not in use are prevented from rotating by
the rotation arrestor.

[0015] For example, the rotation arrestor extends cir-
cumferentially in an angular range which is smaller than
but close to 360°.

[0016] Preferably, one or more rotating tools which are
not in use are placed in other positions than the indexed
position, and the protrusions of all the rotating tools which
are not in use are oriented parallel to side surfaces of the
annular groove to prevent all the rotating tools, which are
not in use, from rotating.

[0017] Preferably, when the swivel drum is swiveled
to index one of the rotating tools to the indexed position,
the protrusions associated with all the rotating tools freely
move uninterruptedly through the slot.

[0018] Preferably, the drive motor is mounted on the
turret body through a relatively large mounting surface
whichis provided by a support member having a relatively
large diameter.

[0019] Preferably, the drive shaft of the drive motor is
rotatably supported on a support body, and the support
body is fixed to the housing of the drive motor to prevent
the drive shaft from moving along a central axis thereof.
[0020] In another embodiment, the drive shaft of the
drive motor is rotatably supported on a support body, the
support body may be movably fitted in the housing of the
drive motor for movement along a central axis thereof,
and the slot of the drive shaft may be movable at the joint
along the central axis toward and away from the protru-
sion of the rotating tool which is indexed to the indexed
position.
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[0021] With the turret arranged as described above,
the drive motor can be highly accurately assembled onto
the turret body through the opening, of the turret body,
which provides easy access to the turret body.

[0022] The above and other objects, features and ad-
vantages of the present invention will become apparent
from the following description when taken in conjunction
with the accompanying drawings which illustrate a pre-
ferred embodiment of the present invention by way of
example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

FIG. 1 is a front elevational view of a turret for use
on a machine tool according to an embodiment of
the present invention;

FIG. 2 is a cross-sectional view taken along line II -
Il of FIG. 1; and

FIG. 3 is an enlarged cross-sectional view of a por-
tion of FIG. 2.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0024] A turret for a machine tool according to an em-
bodiment of the presentinvention has a joint directly con-
necting a rotating tool on a swivel drum and a drive motor
to each other while the rotating tool is indexed to an in-
dexed position (machining position). The rotating tool can
be rotated about its own axis by the drive motor through
the joint.

[0025] The drive motor is fixed to a turret body and the
drive motor has a housing supported on the turret body.
The turret further comprises a liner whose thickness is
adjustable disposed immediately behind the housing.
The liner has the thickness thereof adjusted to adjust a
position of the drive motor with respect to the turret body.
Accordingly, the drive motor can be highly accurately as-
sembled onto the turret body through the opening, of the
turret body, which provides easy access to the turret
body.

[0026] The joint comprises a protrusion, which is dis-
posed on either one of a holder shaft of a tool holder
which holds the rotating tool or a drive shaft of the drive
motor, and a slot formed on the other of the holder shaft
and the drive shaft. In response to swiveling movement
ofthe swivel drumto index the rotating tool, the protrusion
directly engages in or disengages from the slot. The joint
is of a simple structure and is capable of quickly and
reliably connecting and disconnecting the rotating tool
and the drive motor.

[0027] The drive motor is disposed in the swivel drum
which is positioned mostly closely to the rotating tool.
Therefore, the holder shaft, of the tool holder for holding
the rotating tool, and the drive shaft of the drive motor
can directly be connected to each other by the joint.
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[0028] Since the joint does not cause an energy loss,
the power transmitting efficiency with which the drive
power from the drive motor is transmitted through the
joint to the rotating tool is increased, and any heat, vibra-
tion and noise produced by the joint are reduced. The
turret with the simple joint is also of a simple structure.
[0029] Specific details of the turret according to the
embodiment of the present invention will be described
below with reference to FIGS. 1 through 3. Identical parts
are denoted by identical reference characters throughout
views.

[0030] Asshownin FIGS. 1 through 3, a machine tool
(e.g., alathe) has a turret 1 with at least one rotating tool
2, e.g., six rotating tools 2 in FIG. 1, mounted thereon.
Either one of the rotating tools 2 which is indexed to an
indexed position (machining position) S can be rotated
about its own axis to machine a workpiece 13. The ma-
chine tool with the turret 1 may be a turret-type machining
center, rather than the lathe of this embodiment.

[0031] The turret 1 comprises a turret body 3, a swivel
drum 4, an indexing actuator 5, a drive motor 6 and a
joint 15. The joint 15 serves as a power transmitting
mechanism for transmitting drive power from the drive
motor 6 to one of the rotating tools 2 to rotate the rotating
tool 2.

[0032] The turret body 3 is movably supported on a
base (for example, a bed 14) of the lathe mounted on the
floor. Specifically, the turret body 3 is supported on the
bed 14 of the lathe and is relatively movable thereon
along two mutually transverse axes directions with re-
spect to the workpiece 13. Alternatively, the turret body
3 may be fixed to the bed 14, and the workpiece 13 may
be movable along two mutually transverse axes direc-
tions with respect to the turret body 3.

[0033] The swivel drum 4 is supported on the turret
body 3: At least one tool holder 7 for holding the rotating
tool 2 can be mounted on the swivel drum 4. In the shown
turret 1, the tool holders 7 and one or more tool holders
8 for holding respective other tools (for example, turning
tools) 2a can be mounted radially on the swivel drum 4
at angularly spaced intervals. Alternatively, all tools
mounted on the turret 1 may be rotating tools, i.e., all tool
holders mounted on the turret 1 may hold rotating tools.
[0034] The indexing actuator 5 has an index motor 9
fixedly mounted on the turret body 3 or on a base of the
lathe. The index motor 9 swivels the swivel drum 4 to
index the rotating tool 2 to an indexed position S. When
the index motor 9 is energized, it swivels the swivel drum
4 about a central axis CL1 thereof to index a desired one
of the rotating tools 2 or the turning tools 2a to the indexed
position S. It is assumed for illustrative purpose that one
of the rotating tools 2 is indexed to the indexed position S.
[0035] The drive motor 6 serves to rotate the rotating
tool 2 in the indexed position S about its own axis. The
drive motor 6 is disposed in the swivel drum 4 and is
supported on the turret body 3. The drive motor 6 has a
drive shaft 10 with its central axis CL oriented toward the
indexed position S at all times. When the drive motor 6
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is energized, the drive shaft 10 rotates about the central
axis CL.

[0036] While one of the rotating tools 2 is indexed to
the indexed position S, the joint 15 directly connects the
holder shaft 11, of the tool holder 7 for holding the rotating
tool 2, to the drive shaft 10 of the drive motor 6. With the
joint 15 connecting the holder shaft 11 to the drive shaft
10, the drive motor 6 is able to rotate the rotating tool 2
about its own axis through the joint 15.

[0037] Thejoint 15 has a slot 17 (see FIG. 3), defined
in and diametrically across the drive shaft 10, and a pro-
trusion 16 releasably engaging in the slot 17. The pro-
trusion 16 is disposed on either one of the holder shaft
11 or the drive shaft 10 and the slot 17 is formed on the
other of the holder shaft 11 and the drive shaft 10. Actu-
ally, all the tool holders 7 have respective protrusions 16
on the radially inner ends of their holder shafts 11. Alter-
natively, the slot 17 may be defined in each of the holder
shafts 11 and the protrusion 16 may be disposed on the
drive shaft 10.

[0038] Inresponse to swiveling movement of the swiv-
eldrum 4toindex one of the rotating tools 2 to the indexed
position S, the protrusions 16 which are associated with
the rotating tools 2 can directly engage in or disengage
from the slot 17. Specifically, when the swivel drum 4 is
swiveled, the protrusion 16 on the holder shaft 11 of the
tool holder 7 holding the rotating tool 2, which is going to
be used in the indexed position S, is moved into the slot
17, and the protrusion 16 on the holder shaft 11 of the
tool holder 7 holding the rotating tool 2, which has previ-
ously been used in the indexed position S, is moved out
of the slot 17.

[0039] When the rotating tool 2 is to be indexed to the
indexed position S, the drive shaft 10 of the drive motor
6 is stopped and the slot 17 is angularly positioned in
alignment with the plane in which the swivel drum 4 is
swiveled. The slot 17 thus oriented allows the protrusion
16 associated with the rotating tool 2 in the indexed po-
sition S to swivel uninterruptedly about the central axis
CL1when the swivel drum 4 is swiveled about the central
axis CL1.

[0040] The joint 15 is of a simple structure and is ca-
pable of quickly and reliably connecting and disconnect-
ing any one of the rotating tools 2 and the drive motor 6.
Specifically, when the rotating tool 2 is to be indexed to
the indexed position S, the rotating tool 2 which is going
to be used in the indexed position S is coupled to the
drive motor 6 by the joint 15, and simultaneously the ro-
tating tool 2 which has previously been used in the in-
dexed position S is released from the joint 15 and is dis-
connected from the drive motor 6.

[0041] The holder shaft 11 of the tool holder 7 for hold-
ing the rotating tool 2 is directly connected to the drive
shaft 10 by the joint 15 in the indexed position S and can
directly be disconnected from the drive shaft 10 by the
joint 15. The joint 15 which thus directly connects the
holder shaft 11 to the drive shaft 10 does not generate
substantial heat, vibration and noise of the power trans-
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mitting mechanism while it is transmitting the drive torque
from the drive motor 6 to the rotating tool 2.

[0042] Asthejoint 15 does notincorporate convention-
al power transmitting mechanisms including belts, bevel
gears, bearings and couplings, any heat and vibration
generated thereby is minimum while the joint 15 transmits
the drive torque from the drive motor 6 to the rotating tool
2. As a result, the turret 1 can transmit the drive torque
from the drive motor 6 to the rotating tool 2 with high
efficiency and can allow the rotating tool 2 to machine
the workpiece 13 with increased accuracy. Noise gener-
ated by the joint 15 is also small because vibration gen-
erated thereby is reduced.

[0043] The joint 15 as the power transmitting mecha-
nism is made up of a relatively small number of parts.
Therefore, the turret 1 is of a simple structure, facilitating
maintenance of the turret 1.

[0044] The turret 1 has an inner space SP which is
defined in the swivel drum 4 and which houses the drive
motor 6 therein. Heretofore, the inner space SP in the
swivel drum 4 would be used to incorporate bevel gears
and bearings of the power transmitting mechanism. Ac-
cording to the present embodiment, however, the inner
space SP is used to accommodate the drive motor 6
therein. Since no additional space needs to be defined
in the turret 1 for housing the drive motor 6, the turret 1
is relatively compact in its entirety.

[0045] The drive shaft 10 of the drive motor 6 and the
holder shaft 11 of the tool holder 7 for holding the rotating
tool 2 are directly coupled coaxially to each other by the
joint 15. The joint 15 allows the rotating tool 2 to rotate
about its own axis at a high speed.

[0046] As shownin FIG. 3, the slot 17 for constituting
the joint 15 is defined as a diametrically straight groove
in and diametrically across an end portion 72 of the drive
shaft 10. The end portion 72 includes an end face 72a
of the drive shaft 10 and a shaft portion in the vicinity
thereof. When the rotating tool 2 is to be indexed to the
indexed position S, the slot 17 is oriented in alignment
with the plane, in which the swivel drum 4 is swiveled,
and opens at diametrically opposite sides of the drive
shaft 10, which are spaced along a direction normal to
the sheets of FIGS. 2 and 3, and also at the end face 72a
of the drive shaft 10.

[0047] The protrusion 16, for constituting the joint 15,
formed on the holder shaft 11 of each of the tool holders
7 is disposed on an end 11a of the holder shaft 11. The
protrusion 16 has two parallel opposite flat slide surfaces
16a disposed in slidable contact with and facing respec-
tive opposite side surfaces of the slot 17. The protrusion
16 axially projects from the end 11a of the holder shaft 11.
[0048] The two opposite slide surfaces 16a may be
slanted such that the protrusion 16 has a tapered tip end
portion. If the protrusion 16 is thus tapered, then the slot
17 needs to be tapered toward its bottom in complemen-
tarily shaped relation to the protrusion 16.

[0049] Incidentally, the joint 15 may have a structure
that the slot 17 is formed on the holder shaft 11 of the
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rotating tool 2 and that the protrusion 16 is disposed on
the drive shaft 10.

[0050] According to the present embodiment, the
swiveling movement of the swivel drum 4 to index one
of the rotating tools 2 is directly utilized to connect the
rotating tool 2 and the drive motor 6 to each other through
the joint 15. Specifically, when the swivel drum 4 is
swiveled to completely index the rotating tool 2 to the
indexed position S, the protrusion 16 is moved into the
slot 17. At the time the indexing of the rotating tool 2 to
the indexed position S is completed, the protrusion 16
fully engages in the slot 17. As a result, the holder shaft
11 and the drive shaft 10 are completely connected to
each other through the joint 15.

[0051] As described above, indexing one of the rotat-
ingtools 2 to the indexed position S causes the protrusion
16 of the rotating tool 2 to engage in the slot 17, and
moving the rotating tool 2 out of the indexed position S
causes the protrusion 16 of the rotating tool 2 to disen-
gage from the slot 17.

[0052] Consequently, the swiveling movements of the
swivel drum 4 for indexing the rotating tool 2 to the in-
dexed position S and for moving the rotating tool 2 out
of the indexed position S directly result in the connection
and disconnection between the rotating tool 2 and the
drive motor 6. It is not necessary to slide a coupling and
to detect a connected state, as is the case with conven-
tional mechanisms, for connecting the drive motor 6 and
the rotating tool 2 to each other.

[0053] The rotating tool 2 and the drive motor 6 can,
therefore, be connected quickly and reliably without the
need for a complex mechanism for connecting and dis-
connecting the rotating tool 2 and the drive motor 6.
[0054] A rotation arrestor 18 is nonrotatably disposed
in the swivel drum 4. The rotation arrestor 18 is of a sub-
stantially cylindrical shape and has an annular groove 19
defined therein concentrically to the swivel drum 4. The
rotation arrestor 18 extends substantially along an inner
circumferential surface of the swivel drum 4 which de-
fines the space SP therein, in an angular range which is
smaller than but close to 360°, except for aregion around
the indexed position S. Specifically, the rotation arrestor
18 has a gap or space positioned near the indexed po-
sition S in which the rotating tool 2 and the drive motor
6 can be connected to each other by the joint 15.
[0055] The protrusions 16 associated with the rotating
tools 2, which are not in use and are placed in other po-
sitions than the indexed position S, engage in the annular
groove 19 of the rotation arrestor 18 so that the rotating
tools 2 which are not in use are prevented from rotating
by the rotation arrestor 18.

[0056] Specifically, one or more rotating tools 2 which
are not in use are placed in the other positions than the
indexed position S. The protrusions 16 of all the rotating
tools 2, which are not in use, are oriented parallel to side
surfaces of the annular groove 19 to prevent all the ro-
tating tools 2, which are not in use, from rotating.
[0057] The rotation arrestor 18 is disposed in the inner
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space SP in the swivel drum 4 and is supported on a
housing 60 of the drive motor 6. Alternatively, the rotation
arrestor 18 may be directly supported on the turret body
3 or may be supported on both the turret body 3 and the
housing 60.

[0058] Therotation arrestor 18 can keep all the inactive
rotating tools 2 stably nonrotatable on the swivel drum 4.
[0059] Since all the rotating tools 2, which are not in
use and are placed in the other positions than the indexed
position S, are prevented from rotating by the annular
groove 19, the protrusions 16 associated with those ro-
tating tools 2 are oriented along the plane in which the
swivel drum 4 is swiveled. When the rotating tool 2 is to
be indexed to the indexed position S, the drive shaft 10
of the drive motor 6 is stopped and the slot 17 is angularly
positioned in alignment with the plane in which the swivel
drum 4 is swiveled.

[0060] Therefore, when the swivel drum 4 is swiveled
to index one of the rotating tools 2 to the indexed position
S, all the rotating tools 2 not in use can be swiveled freely
about the central axis CL1. Thus, the protrusions 16 as-
sociated with all the rotating tools 2 can freely move un-
interruptedly through the slot 17.

[0061] Further structural details of the turret 1 will be
described below.

[0062] The turret body 3 is supported on the bed (as
the base of the machine tool) 14 for movement thereon
along two mutually transverse axes directions with re-
spect to the workpiece 13. The turret body 3 is of a hollow
structure, and the index motor 9 is mounted on the turret
body 3 at an outer position thereon.

[0063] The swivel drum 4 is supported on a distal end
portion of the turret body 3 and can swivel about the cen-
tral axis CL1. Although the central axis CL1 is shown as
being oriented horizontally in FIGS. 2 and 3, the central
axis CL1 may be vertical or oblique to the floor.

[0064] The swivel drum 4 is of a hollow annular shape
and includes a drum body 21 having a polygonal (dode-
cagonal in FIG. 1) outer peripheral surface. The polygo-
nal outer peripheral surface has a plurality of (twelve in
FIG. 1) support facets 20, 20a.

[0065] The tool holders 7 for holding the rotating tools
2 are detachably mounted on the respective support fac-
ets 20. The rotating tools 2 may include a drill, an end
mill, etc. The drum body 21 has a plurality of radial
through holes 22 which are defined therein and which
open at the respective support facets 20. The holder
shafts 11 of the tool holders 7 are fitted respectively in
the through holes 22.

[0066] The tool holders 8 for holding the other tools
(e.g., turning tools) 2a for turning the workpieces 13 are
mounted on the other support facets 20a. If those other
tools 2a do not require tool holders, then they may be
directly mounted on the support facets 20a.

[0067] Inthis manner, one or more tool holders 7, other
tool holders 8 and the tools which do not require tool
holders are mounted on the drum body 21 radially around
the central axis CL1.
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[0068] The swivel drum 4 also has the drum body 21
and a cover 23 mounted to cover an opening defined in
aleft side (see FIGS. 2 and 3) of the drum body 21, which
is mounted on the turret body 3, for swiveling movement
about the central axis CL1.

[0069] The drum body 21 can be only swiveled about
the central axis CL1, but is not movable along the central
axis CL1and inradial directions perpendicular to the cen-
tral axis CL1. The cover 23 is in the form of a bottomed
hollow cylinder fixed to the drum body 21 over the open-
ing therein, thereby closing the inner space SP in the
swivel drum 4.

[0070] The indexing actuator 5 has, in addition to the
index motor 9 fixed to the turret body 3, a gear 40 fixed
to the drum body 21, and a clamp mechanism 41 (see
FIG. 2). The gear 40 is held in mesh with a pinion 43
mounted on an output shaft 42 of the index motor 9.
[0071] The drive power or torque of the index motor 9
is transmitted to the swivel drum 4 through the output
shaft 42, the pinion 43 and the gear 40. When the index
motor 9is energized to swivel the swivel drum 4, a desired
rotating tool 2 or turning tool 2a can be indexed to the
indexed position S.

[0072] The clamp mechanism 41 is disposed between
the turret body 3 fixed against rotation and the swivel
drum 4 supported on the turret body 3 for swiveling move-
ment.

[0073] The swivel drum 4 and the drive motor 6 are
supported on a support member 44 fixed to the distal end
ofthe turret body 3. The support member 44 is positioned
within the drum body 21 and has an annular shape. The
drum body 21 is supported on the support member 44
by a bearing 66 for swiveling movement thereon. A cyl-
inder member 45 having an annular shape is fixedly
mounted in the gear 40.

[0074] The turret body 3, the cylinder member 45, the
support member 44 and the drum body 21 jointly make
up a cylinder 46 having cylinder chambers 52, 53.
[0075] The cylinder 46 serves to clamp and unclamp
the swivel drum 4. The cylinder 46 is shown as being in
a position to clamp the swivel drum 4 in an upper half of
FIG. 2, and the cylinder 46 is shown as being in a position
to unclamp the swivel drum 4 in a lower half of FIG. 2.
[0076] A piston 47 is slidably fitted, in the cylinder 46,
for making reciprocating movement in the directions in-
dicated by the arrow E along the central axis CL1. The
piston 47 is limited by the turret body 3 to move recipro-
cally only in the directions indicated by the arrow E along
the central axis CL1, but not to swivel about the central
axis CL1.

[0077] The piston 47 comprises a first piston member
48 and a second piston member 49. The first piston mem-
ber 48 is fitted between the drum body 21 and the support
member 44. The second piston member 49 is fitted be-
tween the cylinder member 45 and the turret body 3 and
also between the cylinder member 45 and the support
member 44.

[0078] A connector 50 is disposed between the first
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piston member 48 and the cylinder member 45 for con-
necting and disconnecting the piston 47 and the swivel
drum 4.

[0079] The connector 50 has radial gear teeth dis-
posed around the central axis CL1. When the connector
50 connects the piston 47 and the swivel drum 4 to each
other, the swivel drum 4 is held against swiveling move-
ment about the central axis CL1. When the connector 50
disconnects the piston 47 and the swivel drum 4 from
each other, the swivel drum 4 is allowed to make
swiveling movement about the central axis CL1.

[0080] The cylinder member 45 has a compression
spring 51 and an arrestor pin 54. The compression spring
51 is disposed in an axial hole defined in the cylinder
member 45. The arrestor pin 54 is axially movably dis-
posed in the axial hole, and has a tip end for projecting
axially from the axial hole and for engaging in a slot which
is defined in an axial end of the first piston member 48.
[0081] The compression spring 51 normally urges the
arrestor pin 54 to be pressed against the first piston mem-
ber 48, thereby preventing the first piston member 48
from rotating around the central axis CL1. Therefore,
when the connector 50 disconnects the piston 47 and
the swivel drum 4 from each other, the first piston member
48 does not rotate around the central axis CL1.

[0082] The cylinder chambers 52, 53 of the cylinder 46
can selectively be supplied with a fluid under pressure,
e.g., oil under pressure or air under pressure.

[0083] For example, when the cylinder chamber 52 is
supplied with the fluid under pressure and the cylinder
chamber 53 is vented to the atmosphere, the piston 47
is axially moved toward the cylinder member 45, i.e., to
therightin FIG. 2. The cylinder 46 now clamps the swivel
drum 4 as shown in the upper half of FIG. 2, i.e., the
connector 50 connects the piston 47 and the swivel drum
4 to each other, holding the swivel drum 4 against
swiveling movement about the central axis CL1.

[0084] With the connector 50 connecting the piston 47
and the swivel drum 4 to each other, a desired rotating
tool 2 or turning tool 2a can be positioned in the indexed
position S for machining the workpiece 13.

[0085] Conversely, when the cylinder chamber 53 is
supplied with the fluid under pressure and the cylinder
chamber 52 is vented to the atmosphere, the piston 47
is axially moved away from the cylinder member 45, i.e.,
to the left in FIG. 2. The cylinder 46 now unclamps the
swivel drum 4 as shown in the lower half of FIG. 2.
[0086] Since the connector 50 disconnects the piston
47 and the swivel drum 4 from each other, the swivel
drum 4 is allowed to swivel about the central axis CL1.
The swivel drum 4 can now be swiveled about the central
axis CL1 to index a desired rotating tool 2 or turning tool
2a to the indexed position S.

[0087] When adesired rotating tool 2 is indexed to the
indexed position S, the protrusion 16 associated with the
indexed rotating tool 2 moves into and engages in the
slot 17 of the drive motor 6. At the same time, the pro-
trusion 16 associated with the rotating tool 2, which has
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previously been used in the indexed position S, moves
out of the slot 17.

[0088] The indexed rotating tool 2 and the drive motor
6 are now directly connected to each other by the joint
15. As a result, the rotating tool 2 can be rotated by the
drive motor 6.

[0089] Thedrive motor 6is fixed to the supportmember
44 and is disposed in the inner space SP. The drive motor
6 is secured to the turret body 3 by the support member
44 which has a relatively large diameter. Therefore, the
drive motor 6 is mounted on the turret body 3 through a
relatively large mounting surface which is provided by
the support member 44.

[0090] According to the published U.S. patent applica-
tion No. 2004/0103510 described above, only a central
portion of the drive motor is supported on the support
member and hence the drive motor tends to be unstable
in its supported state. According to the present embodi-
ment, however, the drive motor 6 is firmly and stably sup-
ported on the turret body 3 through the relatively large
mounting surface which is provided by the support mem-
ber 44.

[0091] The housing 60 ofthe drive motor 6 is supported
on the turret body 3. The drive shaft 10 of the drive motor
6 is supported in the housing 60 and is rotatable about
the central axis CL. The drive motor 6 comprises a rotor
61 mounted on the drive shaft 10, a stator 62 mounted
on the housing 60, and a support body 64 mounted on
the housing 60. The stator 62 is positioned radially out-
wardly of the rotor 61 with a gap defined between the
stator 62 and the rotor 61. The drive shaft 10 is rotatably
supported by the support body 64.

[0092] AsshowninFIG. 3, the housing 60 has an outer
housing member 70, fixed to the support member 44,
and an inner housing member 71 positioned within and
fixed to the outer housing 70.

[0093] The drive shaft 10 has the end portion 72 rotat-
ably supported on the inner housing member 71. The
stator 62 is attached to an inner circumferential surface
ofthe inner housing member 71. The outer housing mem-
ber 70 has a fluid passage 73 defined therein, and the
inner housing member 71 has a fluid passage 74 defined
in an outer circumferential surface thereof and held in
fluid communication with the fluid passage 73. The fluid
passages 73, 74 are supplied with a coolant L such as
cooling water or cooling oil for cooling the drive motor 6
thereby to reduce a machining error which is liable to
develop due to a heat-induced displacement of the drive
motor 6.

[0094] The turret 1 has a liner 67 whose thickness is
adjustable. The thickness-adjustable liner 67 is disposed
immediately behind the housing 60 of the drive motor,
i.e., on aright side of the housing 60 in FIG. 2. The thick-
ness of the liner 67 is adjusted to adjust the position of
the drive motor 6 with respect to the turret body 3.
[0095] The thickness-adjustable liner 67 is disposed
between the housing 60 and the support member 44.
The liner 67, which is held in direct contact with the hous-
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ing 60, allows the housing 60 to be positionally adjusted
accurately and stably along the central axis CL1.
[0096] The drive motor 6 is mounted on the turret body
3. When the drive motor 6 is to be assembled on the
turret body 3, the central axis CL of the drive shaft 10
needs to be aligned with central positions of the through
holes 22 of the drum body 21. Usually, it is a complex
process to assemble the drive motor 6 on the turret body
3 while achieving such axis alignment.

[0097] According to the present invention, the drive
motor 6 is assembled onto the turret body 3 through the
opening, of the turret body 3, which provides easy access
to the turret body 3. At this time, the thickness of the liner
67 is adjusted to bring the central axis CL of the drive
shaft 10 into alignment with the central positions of the
through holes 22 (namely, central axes of the holder
shafts 11 of the tool holders 7 fitted in the corresponding
through holes 22). The central positions (central axes)
of the through holes 22 cross each other on the central
axis CL1.

[0098] In this easy manner for using the liner 67, the
central axis CL of the drive shaft 10 can be highly accu-
rately aligned with the central positions of the through
holes 22 so that the drive motor 6 can be assembled
highly accurately on the turret body 3.

[0099] The end portion 72 of the drive shaft 10 is ro-
tatably supported on the inner housing member 71 by a
bearing 75 and a sleeve 76. The sleeve 76 is fitted in a
cylindrical hole 77 defined axially centrally in the inner
housing member 71. The bearing 75 is disposed between
the inner circumferential surface of the sleeve 76 and the
drive shaft 10.

[0100] The drive shaft 10 has an opposite end 63 ro-
tatably supported on the support body 64 by a bearing
80. The support body 64 has an annular shape and is
attached to the housing 60. Since the support body 64
is fixed to the housing 60, the drive shaft 10 does not
move along the central axis CL.

[0101] Alternatively, the support body 64 may be mov-
ably fitted in the housing 60 for movement along the cen-
tral axis CL. If the support body 64 is movable along the
central axis CL, then at the joint 15 the slot 17 of the drive
shaft 10 is movable along the central axis CL toward and
away from the protrusion 16 associated with the rotating
tool 2 which is indexed to the indexed position S. As a
result, the slot 17 can fully be fitted over the protrusion
16 or can fully be separated from the protrusion 16 along
the central axis CL.

[0102] The drive motor 6 is controlled such that the slot
17 is angularly positioned in alignment with the plane in
which the swivel drum 4 is swiveled when the drive shaft
10 of the drive motor 6 is stopped. Consequently, when
the swivel drum 4 and the rotating tools 2 supported ther-
eon are swiveled about the central axis CL1, the protru-
sions 16 associated with those rotating tools 2 can move
through the slot 17 at the joint 15.

[0103] While the rotating tool 2 is indexed to the in-
dexed position S, the protrusion 16 associated with the
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rotating tool 2 can engage in the slot 17. When the drive
shaft 10 is rotated with the slot 17 engaging to the pro-
trusion 16, the torque of the drive shaft 10 is transmitted
throughthejoint 15 to the holder shaft 11, thereby rotating
the rotating tool 2.

[0104] Specifically, whenan electric currentis supplied
to the drive motor 6 to rotate the drive shaft 10, the drive
power thereof is transmitted from the joint 15 through the
holder shaft 11 to the rotating tool 2. The rotating tool 2
is now rotated at a speed established by the drive motor 6.
[0105] Operation ofthe turret 1 willbe described below.
[0106] Forindexing a desired rotating tool 2, the drive
shaft 10 of the drive motor 6 is stopped and the slot 17
is angularly positioned in alignment with the plane in
which the swivel drum 4 is swiveled. The slot 17 thus
oriented allows the protrusion 16 associated with the ro-
tating tool 2 in the indexed position S to swivel uninter-
ruptedly about the central axis CL1 while the swivel drum
4 is swiveled about the central axis CL1.

[0107] The protrusions 16 of the tool holders 7 for hold-
ing the rotating tools 2, which are not in use and are
placed in the other positions than the indexed position
S, are prevented from rotating by the annular groove 19
of the rotation arrestor 18 and are oriented along the
plane in which the swivel drum 4 is swiveled about the
central axis CL1. Therefore, these protrusions 16 of the
tool holders 7 for holding the rotating tools 2, which are
not in use, can freely swivel uninterruptedly about the
central axis CL1.

[0108] The cylinder chamber 53 of the clamp mecha-
nism 41 is supplied with the fluid under pressure to move
the piston 47 away from the cylinder member 45, i.e., to
the left in FIG. 2. The connector 50 now disconnects the
piston 47 and the swivel drum 4 from each other.
[0109] The index motor 9 is then energized, and the
drive power thereof is transmitted through the pinion 43
and the gear 40 to the swivel drum 4. The swivel drum 4
which is supported on the support member 44 by the
bearing 66 is swiveled to index a desired rotating tool 2
to the indexed position S.

[0110] The protrusion 16 associated with the rotating
tool 2 indexed to the indexed position S now engages in
the slot 17 in the drive shaft 10 at the joint 15. As a result,
the rotating tool 2 is directly connected to the drive shaft
10 by the holder shaft 11 and the joint 15.

[0111] The cylinder chamber 52 of the clamp mecha-
nism 41 is supplied with the fluid under pressure to move
the piston 47 toward the cylinder member 45, i.e., to the
rightin FIG. 2. The connector 50 now connects the piston
47 and the swivel drum 4 to each other, locking the swivel
drum 4 against swiveling movement from the angular po-
sition in which it has reached.

[0112] The drive motor 6 is then energized to rotate
the drive shaft 10, so that the rotating tool 2 is rotated
through the joint 15 at the established speed in the in-
dexed position S thereby to machine the workpiece 13.
[0113] The principles of the present invention are ap-
plicable to machine tools having a turret with rotating tools
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mounted thereon for machining workpieces, e.g., lathes,
turret-type machining centers, etc.

[0114] Although a certain preferred embodiment of the
present invention has been shown and described in de-
tail, it should be understood that various changes and
modifications may be made therein without departing
from the scope of the appended claims.

Claims

1. Aturret, for use on a machine tool, for mounting at
least one rotating tool (2) thereon and for rotating
said rotating tool (2) to machine a workpiece (13),
said turret (1) characterized by comprising:

a turret body (3) supported on a base (14) of
said machine tool;

a swivel drum (4) supported on said turret body
(3) and supporting at least one tool holder (7)
which holds said rotating tool (2), said tool holder
(7) having a holder shaft (11);

an indexing actuator (5) having an index motor
(9) for swiveling said swivel drum (4) to index
said rotating tool (2) to an indexed position (S);
a drive motor (6) disposed in said swivel drum
(4) and supported on said turret body (3), said
drive motor (6) having a drive shaft (10) axially
oriented toward the indexed position (S); and
a joint (15) for directly connecting said holder
shaft (11) of said tool holder (7) and said drive
shaft (10) of said drive motor (6) to each other
to rotate said rotating tool (2) with said drive mo-
tor (6) while one of said rotating tools (2) is in-
dexed to the indexed position (S);

wherein said drive motor (6) is fixed to said turret
body (3) and said drive motor (6) has a housing
(60) supported on said turret body (3), said turret
(1) further comprising:

a liner (67) whose thickness is adjustable dis-
posed immediately behind said housing (60),
said liner (67) having the thickness thereof ad-
justed to adjust a position of said drive motor (6)
with respect to said turret body (3).

2. Aturret according to claim 1,

wherein said joint (15) has a protrusion (16), which
is disposed on either one of said holder shaft (11) or
said drive shaft (10), and a slot (17) formed on the
other of said holder shaft (11) and said drive shaft
(10); and

said protrusion (16) directly engages in or disengag-
es from said slot (17) in response to swiveling move-
ment of said swivel drum (4) for indexing one of said
rotating tools (2) to the indexed position (S);
wherein said drive shaft (10) of said drive motor (6)
and said holder shaft (11) of said tool holder (7) are
directly coupled coaxially to each other by said joint
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(15); and

wherein when said swivel drum (4) is swiveled to
completely index said rotating tool (2) to the indexed
position (S), said protrusion (16) fully engagesin said
slot (17), so that said holder shaft (11) and said drive
shaft (10) are completely connected to each other
through said joint (15).

A turret according to claim 1 or 2, wherein when said
rotating tool (2) is to be indexed to the indexed po-
sition (S), a rotating tool (2) which is going to be used
in the indexed position (S) is coupled to said drive
motor (6) by said joint (15), and simultaneously a
rotating tool (2) which has previously been used in
the indexed position (S) is released from said joint
(15) and is disconnected from said drive motor (6).

A turret according to claim 2,

wherein said slot (17) of said joint (15) is defined as
a straight groove in an end portion (72) of said drive
shaft (10);

said slot (17) is oriented in alignment with a plane,
in which said swivel drum (4) is swiveled, and opens
atdiametrically opposite sides of said drive shaft (10)
and also at an end face (72a) of said drive shaft (10)
when said rotating tool (2) is to be indexed; and
wherein said protrusion (16) is formed on said holder
shaft (11); and

said protrusion (16) has two opposite slide surfaces
(16a), disposed in slidable contact with and facing
respective opposite side surfaces of said slot (17),
and projects axially from an end (11a) of said holder
shaft (11).

A turret according to claim 4, wherein said two op-
posite slide surfaces (16a) are slanted to provide a
tapered tip end portion on said protrusion (16), and
said slot (17) is tapered in complementarily shaped
relation to said protrusion (16).

A turret according to claim 2,

wherein a rotation arrestor (18) is nonrotatably dis-
posed in said swivel drum (4) and has an annular
groove (19) defined therein concentrically to said
swivel drum (4), and said rotation arrestor (18) ex-
tends circumferentially except for a region around
the indexed position (S); and

wherein said protrusions (16) associated with said
rotating tools (2), which are notin use and are placed
in other positions than the indexed position (S), en-
gage in said annular groove (19) so that said rotating
tools (2) which are not in use are prevented from
rotating by said rotation arrestor (18).

A turret according to claim 6, wherein said rotation
arrestor (18) extends circumferentially in an angular
range which is smaller than but close to 360°.
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A turret according to claim 6 or 7, wherein one or
morerotating tools (2) which are notin use are placed
in other positions than the indexed position (S), and
said protrusions (16) of all said rotating tools (2)
which are not in use are oriented parallel to side sur-
faces of said annular groove (19) to prevent all said
rotating tools (2), which are not in use, from rotating.

A turret according to claim 8, wherein when said
swivel drum (4) is swiveled to index one of said ro-
tating tools (2) to the indexed position (S), said pro-
trusions (16) associated with all said rotating tools
(2) freely move uninterruptedly through said slot (17).

A turret according to claim 1, wherein said drive mo-
tor (6) is mounted on said turret body (3) through a
relatively large mounting surface which is provided
by a support member (44) having a relatively large
diameter.

A turret according to claim 1, 2, 4,5, 6, 7, 8,9 or 10,
wherein said drive shaft (10) of said drive motor (6)
is rotatably supported on a support body (64), and
said support body (64) is fixed to said housing (60)
of said drive motor (6) to prevent said drive shaft (10)
from moving along a central axis (CL) thereof.

A turret according to any of claims 4 to 9,

wherein said drive shaft (10) of said drive motor (6)
is rotatably supported on a support body (64),

said support body (64) is movably fitted in said hous-
ing (60) of said drive motor (6) for movement along
a central axis (CL) thereof, and

said slot (17) of said drive shaft (10) is movable at
said joint (15) along said central axis (CL) toward
and away from said protrusion (16) of said rotating
tool (2) which is indexed to the indexed position (S).
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